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Description 



Method for adapting the detection of a measuring signal of a 
waste gas probe. 

5 

The invention relates to a method for adapting the detection 
of a measuring signal of a waste gas probe which is disposed 
in an internal combustion engine comprising a plurality of 
cylinders and injection valves associated with the cylinders 
10 which supply measured amounts of fuel. The waste gas probe is 
arranged in a waste gas tract and the measuring signal thereof 
is characteristic for the air/ fuel ratio in the respective 
cylinder . 

15 Ever more stringent regulations regarding permissible pollut- 
ant emissions by motor vehicles fitted with internal combus- 
tion engines make it necessary to keep the pollutant emissions 
as low as possible during operation of the internal combustion 
engine. One of the ways in which this can be done is by reduc- 

20 ing the emissions which occur during the combustion of the 

.air/ fuel mixture in the relevant cylinder of the internal com- 
bustion engine. Another is to use waste gas handling systems 
in internal combustion engines which convert the emissions 
which are generated during the combustion process of the 

25 air /fuel mixture in the relevant cylinder into harmless sub- 
stances. Catalyzers are used for this purpose, which convert 
carbon monoxide, hydrocarbons and nitrous oxide into harmless 
substances. Both the explicit influencing of the generation of 
the pollutant emissions during the combustion and also the 

30 conversion of the pollutant components with a high level of 
efficiency by an exhaust gas catalyzer require a very pre- 
cisely set air /fuel ratio in the respective cylinder. 
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A method for a multi -cylinder internal combustion engine for 
cylinder-selective controlling of an air /fuel mixture to be 
burnt is known from DE 199 03 721 CI, in which the Lambda val- 
ues for different cylinders or cylinder groups are sensed and 
controlled separately. To this end a probe evaluation unit is 
provided, in which a time-triggered evaluation of the waste 
gas probe signal is undertaken and thus a cylinder-selective 
Lambda value for each cylinder of the internal combustion en- 
gine determined. Each cylinder is assigned an individual con- 
troller which is embodied as a PI or PID controller and for 
which the control variable is a cylinder- individual Lambda 
value and of which the guide variable is a cylinder-individual 
setpoint value of the Lambda. The manipulated variable of the 
relevant controller then influences the injection of the fuel 
into the relevant assigned cylinder. 

The quality of the cylinder- individual Lambda regulation is 
decisively dependent on how precisely the measuring signal of 
the waste gas probe is assigned to the waste gas of the rele- 
20 vant cylinder. During the operation of the waste gas probe its 
response behavior can change and thus also the degree of pre- 
cision of the assignment of the measuring signal of the waste 
gas probe to the waste gaseis of the respective cylinder. 

25 The object of the invention is to create a method for adapting 
detection of a measuring signal of a waste gas probe which, 
over a long operating life, allows simple and precise control 
of an internal combustion engine in which the waste gas probe 
can be disposed. 



30 
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The object is achieved by the features of the independent 
claims. Advantageous embodiments of the invention are identi- 
fied in the subclaims. 

5 The outstanding feature of the invention is a method and a 

corresponding device for adapting the detection of a measuring 
signal of a waste gas probe. The waste gas probe is disposed 
in an internal combustion engine comprising a plurality of 
cylinders and with injection valves assigned to the cylinders 
10 which deliver fuel. The waste gas probe is arranged in a waste 
gas tract of the internal combustion engine and the measuring 
signal thereof is characteristic for the air /fuel ratio in the 
respective cylinder. 

15 The measuring signal is detected and assigned to the respec- 
tive cylinder for a predefined crankshaft angle, in relation 
to a reference position of the piston in the respective cylin- 
der. A manipulated variable for influencing the air/fuel ratio 
in the respective cylinder is generated by means of a control- 

20 ler in each case depending on the measuring signal detected 
for the respective cylinder. The predefined crankshaft angle 
is adapted as a function of an instability criterion of the 
controller. 

25 The invention is based on the surprising knowledge that the 
control quality of the controller is only influenced deci- 
sively by the crankshaft angle at which the measuring signal 
is detected if an instability criterion is fulfilled, that is 
if the controller is operating unstably. The invention makes 

30 use of the knowledge by adapting the predefined crankshaft an- 
gle as a function of the instability criterion of the control- 
ler. The adaptation can be very simple and at the same time 
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can be undertaken very rapidly and thus guarantees a high a 
control quality of the controller in a simple manner. 

In an advantageous embodiment of the invention the instability 
5 criterion depends on the manipulated variable or variables of 
the controller assigned to the respective cylinder and/or fur- 
ther controllers which are assigned to other cylinders. Thus 
the measuring signal can be adapted especially simply and 
quickly. 

10 

In a further advantageous embodiment of the invention the in- 
stability criterion is fulfilled if the manipulated variable 
or the manipulated variables respectively is or are the same 
for a predefined period as their maximum limit value to which 

15 they are limited by the controller or the controllers respec- 
tively, or is or are the same as their minimum limit value to 
which they are limited by the controller or controllers re- 
spectively. This makes it possible to detect in a simple man- 
ner whether the control is unstable and then make a corre- 

20 spending adjustment to the predefined crankshaft angle. 



In a further advantageous embodiment of the invention it is 
necessary to fulfill the instability criterion, for all ma- 
nipulated variables to be the same for the predefined period 

25 as their maximum fine to which they are limited by the con- 
troller or to be the same as their minimum value to which they 
are limited by the controller, and for this to apply to the 
manipulated variables of all cylinders. This enables the in- 
stability of the controller to be detected in an especially 

30 reliable manner, and in particular prevents a component error, 
for example that of the injection valve, being incorrectly de- 
tected as an instability of the controller. 
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In a further advantageous embodiment of the invention it is 
necessary to fulfill the instability criterion, that with an 
even nuanber of cylinders the one half of the manipulated vari- 
5 ables is equal to the maximum value and the other half is 
equal to the minimum value, and with an odd number of cylin- 
ders a first number of manipulated values is equal to the 
maximum value and a second number of manipulated values is 
equal to the minimum value, in which case the first- nimiber 
10 differs from the second by one and the sxam of the first and 
second numbers is equal to the odd number of cylinders. This 
is based on the knowledge that this is characteristic of an 
unstable controller with an even number of cylinders and ac- 
cordingly with an odd number of cylinders. 

15 

In a further advantageous embodiment of the invention an error 
of the injection valve or of an actuating element is detected 
which exclusively influences the air feed to the respective 
cylinder if the manipulated variable of the respective cylin- 

20 der is equal for a predefined period to its maximum value to 
which it is limited by the controller or is equal to its mini- 
mum value to which it is limited by the controller, and at 
least one manipulated variable which is assigned to another 
cylinder is not equal to the maximum value or the minimum 

25 value. This additionally allows an error of an injection valve 
to be detected and the crankshaft angle of the detection of 
the measuring signal to not be changed incorrectly. 

In a further advantageous embodiment of the invention the in- 
30 stability criterion is fulfilled if at least the manipulated 
variable assigned to a cylinder oscillates at an amplitude 
which is greater than a predefined amplitude threshold. Thus 
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the instability of the controller can be securely detected, 
especially for an odd nximber of cylinders. 

In a further advantageous embodiment of the invention the con- 
5 trollers each feature a monitor which determines a status 
variable depending on the measuring signal of the waste gas 
probe detected, in which case a variable characterizing the 
status variable of the monitor is fed back and for which the 
instability criterion depends on one or more of the status 
10 variables. This enables the instability criterion to be par- 
ticularly simple. 

Further advantageous embodiments of the invention in respect 
of the status variable or the status variables correspond to 
15 those in relation to the manipulated variable or the manipu- 
lated variables and have the same advantages. 

It is further advantageous for the adaptation of the prede- 
fined crankshaft angle to be undertaken using a step which 

20 corresponds to a predefined fraction of the expected stability 
range of the controller. The fraction is preferably selected 
as about 1/5 of the expected stability range of the control- 
ler. This enables the predefined crankshaft angle to be 
adapted very quickly and this can be done in accordance with 

25 the selected increment, and at the same time a lower computing 
overhead is necessary since it is only important that the sta- 
bility range be achieved. 

If the measuring signal of the waste gas probe is characteris- 
30 tic for the air/fuel ratio in the respective cylinder of a 

first part of all cylinders and a further waste gas probe is 
provided for which the measuring signal is characteristic for 
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the air /fuel ratio in the respective cylinder of a second part 
of all cylinders, the adaptation of the detection of the meas- 
uring signal and of the further waste gas probe are advanta- 
geously undertaken separately and related in each case to the 
5 firist part or the second part of all cylinders respectively. 

Exemplary embodiments of the invention are explained below 
with reference to schematic diagrams. The figures show: 

10 Figure 1 a internal combustion engine with a control device, 
Figure 2 a block diagram of the control device, 
Figure 3 a first flowchart of a program for adapting at the 

detection of a measuring cylinder of a waste gas probe, 
Figure 4 a further program for adapting the detection of the 
15 measuring signal of the waste gas probe and 

Figure 5 a further flowchart of a program for adapting the de- 
tection of the measuring signal of the waste gas probe. 

Elements for which the construction and function are the same 
20 are labeled by the same reference symbols in all figures. 

An internal combustion engine (Figure 1) comprises an induc- 
tion tract 1, an engine block 2, a cylinder head 3 and a waste 
gas tract 4. The induction tract 1 preferably comprises a 
25 throttle valve 11, also a collector 12 and an induction pipe 
13, which is routed through to the cylinder Zl via an inlet 
channel in the engine block 2 . The engine block 2 further com- 
prises a crankshaft 21, which is coupled via a connecting rod 
25 to the piston 24 of the cylinder Zl. 

30 

The cylinder head 3 comprises a valve drive with a gas inlet 
valve 30, a gas outlet valve 31 and valve drives 32, 33 . ' The 
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cylinder head 3 further comprises an injection valve 34 and a 
spark plug 35. Alternatively the injection valve can also be 
arranged in the induction channel . 

5 The waste gas tract 4 comprises a catalyzer 40, which is pref- 
erably embodied as a three-way catalyzer. A waste gas return 
line can be routed back to the induction tract 1 from the 
waste gas tract 4, especially back to the collector 12. 

10 In addition a control device 6 is provided to which sensors 
are assigned which detect different measuring variables and 
determine the measured value of the measuring variable in each 
case. Depending on at least one of the measuring variables, 
the control device 6 controls the actuation elements by means 

15 of corresponding actuation drives. 

The sensors are a pedal positions sensor 71, which detects the 
position of the gas pedal 7, an air mass measurer 14, which 
detects an air mass stream upstream from the throttle valve 

20 11, a temperature sensor 15. which detects the induction air 

temperature, a pressure sensor 16, which detects the induction 
pipe pressure, a crankshaft angle sensor 22, which detects a 
crankshaft angle to which a speed N is then assigned,' a fur- 
ther temperature sensor 23, which detects a coolant tempera- 

25 ture, a camshaft angle sensor 36a, which detects the camshaft 
angle and a waste gas probe 41, which detects a residual oxy- 
gen content of the waste gas and of which the measuring signal 
is characteristic for the air/fuel ratio in the cylinder Zl. 
The waste gas probe 41 is a preferably embodied as a linear . 

30 Lambda probe and thus generates over a wide range of the 
air/fuel ratio, in measuring signal proportional to this. 
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Depending on the form of embodiment of the invention any given 
subset of the said sensors or also additional sensors can be 
present . 

5 The actuating elements are for example the throttle valve 11, 
the gas inlet and gas outlet valves 30, 31, the injection 
valve 34 and the spark plug 35. 

-As well as the cylinder Zl further cylinders Z2-Z4 are also 
10 provided to which corresponding actuation elements are also 
assigned. Preferably a waste gas probe is assigned to each 
waste gas bank of cylinders. Thus the internal combustion en- 
gine can comprise six cylinders for example with three cylin- 
ders being assigned to one waste gas bank and correspondingly 
15 to one waste gas probe 41 in each case. 

A block diagram of parts of the control device 6 which can be 
referred to as a unit for controlling the internal combustion 
engine is shown with reference to Figure 2 . 

20 

A block Bl corresponds to the internal combustion engine. An 
air /fuel ratio LAM_RAW detected by the waste gas probe 41 is 
fed to a block B2 . At predefined crankshaft angles CRK_SAMP 
respectively, in relation to a reference position of the re- 

25 spective piston of the respective cylinder Zl to Z4, an as- 
signment is then undertaken in the block B2 of the air/ fuel 
ratio currently detected at this point in time which is de- 
rived from the measuring signal of the waste gas probe 41, to 
the relevant air /fuel ratio of the respective cylinder Zl to 

30* Z4 and thus the cylinder-individually detected air/fuel ratio 
LAM_I [Z1-Z4] 1 assigned. 
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The reference position of the relevant piston 24 is preferably 
its top dead center. The predefined crankshaft angle CRK_SAMP 
is for example applied as a fixed value the first time that 
the internal combustion engine is put into service and is sub- 
5 sequehtly adapted where necessary on the basis of the programs 
described below. 

In a block B2a an average air /fuel ratio IjAM_MW is determined 
by averaging the air /fuel ratios LAM_I [Z1-Z4] detected for 

10 the individual cylinders. Furthermore in the block B2a an ac- 
tual value D_LAM_I [Zl] of a deviation of an individual cylin- 
der air /fuel ratio is determined from the difference between 
the average air /fuel ratio LAM_MW and the air /fuel ratio de- 
tected for the individual cylinder LAM_I [Zl] . This is then 

15 fed to a controller which is formed by block B3a.' 

In a summation unit SI for the difference between the indi- 
cated value D_LAM_I [Zl] and an estimated value D_LAM_I_EST 
[Zl] of the cylinder -individual air /fuel ratio the deviation 

20 is determined and then assigned to a block B3 which is part of 
the monitor and comprises an integration element which inte- 
grates the variables present at its input. The I-element of 
the block B3 then makes a first estimated .value ESTl [Zl] 
available at its output. The first estimated value ESTl [Zl] 

25 is limited in the integration element of block B3 to a minimum 
value MINVl and a maximum value MAXVl which are preferably 
fixed. 

The first estimated value EST1[Z1] is then fed to a delay ele- 
30 ment which is also a component of the monitor which is embod- 
ied in the block B4 . The. delay element is preferably embodied 
as a PTl element. Where necessary the first estimated values 
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EST1[Z2-Z4], in relation to the further cylinders [Z2-Z4] in 
each case are also fed to the delay element. The first esti- 
mated value EST1[Z1] forms a status variable of the monitor. 

5 The first estimated value EST1[Z1] is also fed to a block B5 
in which a further integrator element is embodied, which inte- 
grates the first estimated value EST1[Z1] and then creates at 
its output a cylinder- individual Lambda control factor 
LAM_FAC_I [Zl] as manipulated variable of the controller. In 
10 the I element of the block B5 the cylinder-individual Lambda 
control factor LAM_FAC_I [Zl] is limited to a maximum value 
MAXV2 and a minimum value MINV2 . 

A second estimated value EST2 [Zl] depending on the cylinder- 
15 individual Lambda control factor LAM_FAC_I [Zl] is determined 
in a block B6 . This is done especially simply by setting the 
second estimated value EST2 [Zl] equal to the cylinder- 
individual Lambda control factor LAM_FAC_I [Zl] . In the siunma- 
tion unit S2 the difference between the first estimated value 
20 ESTl [Zl filtered via the delay element of the block B4 and 

the second estimated value EST2 [Zl] is formed and fed back as 
estimated value D_LAM_I_EST [Zl] of the cylinder- individual 
air /fuel ratio deviation to the summation unit SI and sub- 
tracted here from the current value D_LAM_I [Zl] of the re- 
25 spective air/ fuel ratio deviation and coupled back and then 
injected again into the block B3 . 

A Lambda controller in provided in block B8 , for which the 
guide value is an air /fuel ratio predefined for all cylinders 
30 of the internal combustion engine and for which the control 

variable is the average air/ fuel ratio LAM_MW The manipulated 
variable of the Lambda controller is a Lambda control factor 
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LAM_FAC_ALL . The Lambda controller thus has the task of set- 
ting the predefined air /fuel ratio viewed over all cylinders 
Zl to Z4 of the internal combustion engine. 

5 Alternatively this can also be achieved by determining from 
block B2 the current value D_LAM_I of the cylinder- individual 
air /fuel ratio deviation from the difference of the air /fuel 
ratio predefined for all cylinders Zl to Z4 of the internal 
combustion engine and the cylinder- individual air /fuel ratio 
10 LAM_I [Z1-Z4] . In this case the third controller of block B8 
• can then be omitted. 

In a block B9 a measured fuel flow MFF depending on a mass air 
flow MAP in the relevant cylinder Zl to Z4 and where necessary 
15 the speed N and a setpoint value LAM_SP of the air /fuel ratio 
for all cylinders Z1-Z4 can be determined. 

In the multiplier unit Ml a corrected mass fuel flow MFF_COR 
is determined by multiplying the mass fuel flow MFF, the 
20 Lambda control factor LAM_FAC_ALL and the cylinder-individual 
Lambda control factor LAM_FAC_I [Zl] . Depending on the cor- 
rected measured fuel flow MFF_COR, a control signal is then 
generated which controls the respective injection valve 34. 

25 As well as the controller structure shown in the block diagram 
of Figure 2, the corresponding controller structures B_Z2 to 
B_Z4 are provided in each case for the respective further cyl- 
inders Z2 to Z4 for each further cylinder Zl to Z4. 

30 Alternatively a proportional element can also be embodied in 
block B5 . . 
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A program for adapting the detection of the measurement signal 
of the waste gas probe 41 is started in a step SI, preferably 
close to the time at which internal combustion engine is 
started. In step SI variables are initialized if necessary 
5 (Fig. 3) . 

In a step 32 a check is performed as to whether the cylinder- 
individual Lambda control factor LAM_FAC_I [Zl] , which is as- 
signed to the cylinder Zl is the same as the maximum value 

10 MAXV2 or a minimum value MINV2 and if it is in this state for 
a predefined period lasting for example between five and ten 
seconds/ or whether the amplitude AMP of the cylinder- 
individual Lambda control factor LAM_FAC_I [Zl] , which is as- 
signed to the cylinder Zl exceeds a predefined amplitude 

15 threshold AMP_THR. If this is not the case an instability cri- 
terion is deemed not to be fulfilled and the processing is 
continued in a step 84 in which the program is interrupted for 
a predefined waiting time T_W before the step S2 condition is 
tested again. 

20 

If on the other hand the step S2 condition is fulfilled, the 
instability criterion is deemed to be fulfilled and the prede- 
fined crankshaft angle CRK_SAMP in relation to the reference 
position of the piston 24 of the respective cylinder Zl to Z4, 

25 in which the measuring signal of the waste gas probe 41 was 
detected is assigned to the relevant cylinder, is adapted in 
the step S6, preferably by the predefined crankshaft angle 
CRK_SAMP being either decreased or increased by a predefined 
angle of change D. The angle of change D is preferably a pre- 

30 defined fraction of the expected range of crankshaft angles 
within which the control is stable This expected range of 
crankshaft angles is preferably determined empirically and 
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this is done when the internal . combustion engine is new. For a 
4-cylinder internal combustion engine the crankshaft angle can 
be 180 ^ for example. The angle of change D is preferably a 
large angle in relation to the crankshaft angle range and 
5 amounts for. example to 20% of the crankshaft angle range, that 
is to a crankshaft angle of around 40^. The direction of adap- 
tation of the predefined crankshaft angle CRK^SAMP is prefera- 
bly determined by two or more consecutive executions of the 
steps 32 and S6, taking into accoiint the starting state, that 
10 is the instability criterion with different leading signs of 
the angle of change D. 

The preferably large increment of the adaptation of the prede- 
fined crankshaft angle CRK__SAMP as a result of the large angle 
15 of change D enables the stable range of control to be found 
within very few executions of the steps 32 and S6, a range 
which is characterized by the fact that the instability crite- 
rion of step 32 is not fulfilled. 

20 As a result of the knowledge that the quality of the control 

is approximately the same within the stability range, a search 
for an optimum quality of control which is expensive in terms 
of computing and time can be dispensed with and thereby a very 
high-cjuality control set within a very short time. 

25 

A second embodiment of a program for adapting the detection of 
the measuring signal of the waste gas probe 41 is shown with 
reference to Figure 4. The program is started in a step SIO in 
which variables are initialized where necessary. It is typi- 
30 cally described for an internal combustion engine in which 

three cylinders Z1-Z3 are assigned a waste gas probe 41. This 
can for example be the case for an internal combustion engine 
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with three cylinders Z1-Z3 or also for an internal combustion 
engine with six cylinders in which the waste channels of three 
cylinders Z1-Z3 are routed to a waste gas probe 41 in each 
case. With this type of internal combustion engine with six 
5 cylinders the program is then executed for each three cylin- 
ders once in parallel, in accordance with the following steps. 
The program is however also suitable for execution if the 
relevant waste gas probe 41 is assigned to a different number 
of cylinders, in which case the conditions are then adapted 
10 according to this number. 

In the step S12 the cylinder-individual Lambda control factors 
LAM_FAC_I [Zl], LAM_FAC_I [Z2], LAM_FAC_I [Z3], which are as- 
signed to the cylinders Zl to Z3, are checked as to whether 
15 they assume the maximum value MAXV2 or the minimum value MINV2 
for the predefined period, or whether their timing oscillates 
with amplitude AMP which is greater than the predefined ampli- 
tude threshold AMP_THR. 

20 In a simple embodiment of step S12 the amplitude AMP can also 
be determined in each case by detecting the maximum and mini- 
mum values of, the timing sequence of the cylinder- individual 
Lambda control factor LAM_FAC_I [Zl to Z3] occurring during 
the predefined period and equating their difference with the 

25 amplitude AMP. 

in a step S14 a check is subsequently undertaken as to whether 
the number of cylinder-individual Lambda control factors 
LAM_FAC_I [Zl to Z3], which were detected in step S12 were 
30 equal for the predefined period, that the maximum value MAXV2 
or minimum value MINV2 is greater than zero and simultaneously 
the number is less than three. 
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If this is the case, an error of a component is detected in a 
step S16. This component can be the respective injection valve 
34 of the cylinder or cylinders Z1-Z3 for which the cylinder- 
5 individual Lambda control factor IiAM_FAC_I [Zl to Z3] has as- 
siimed the maximiam value MAXV2 or the minimiim value MINV2 for 
the predefined period. This is based on the Icnowledge that, if 
not all cylinder- individual Lambda control factors LAM_FAC_I 
[Zl to Z3] which are each assigned a waste gas probe 41, but 

10 only some of them assume the maximum value MAXV2 or the mini- 
mum value MINV2, this is not to be attributed to an instabil- 
ity of controller but to an error in a component. The compo- 
nent can be the respective injection valve or also an actuat- 
ing element which exclusively influences the air fed to the 

15 respective cylinder Z1-Z3 . This type of actuating element can 
for example be the inlet valve 3 0 or also what is known and a 
pulse charge valve. 

In the step S16 for example an emergency mode of the internal 
20 combustion engine can then be activated or if necessary meas- 
ures can also be taken to rectify the error of the component. 
After step S16 processing is continued in step S18 in which 
the program is interrupted for the predefined waiting time T__W 
before the processing is continued again in step S12 . 

25 

If on the other hand the condition of step S14 is not ful- 
filled, an instability criterion is checked in a step S20. A 
check is undertaken in step S20 as to whether the number ANZ 

of the cylinder-individual Lambda control factors LAM_FAC_I 
30 [Zl to Z3], which for the predefined period in the step S12 

have assumed the maximum value MAXV2, is equal to two and the 
corresponding number of those which have assumed the minimum 
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value MINV2 is equal to one or the number ANZ of those which 
have assumed the maximum value MAXV2 is equal to one or the 
number of those which have assumed the minimum value MINV2 is 
equal to two, or the number of those cylinder- individual 
5 Lambda control factors LAM_FAC__I [Zl to Z3], of which the am- 
plitude AMP is greater than the amplitude threshold AMP_THR, 
is greater than zero. 

If the condition of step S20 and thereby of the instability 
10 criterion is not fulfilled, processing is continued at step 
S18. 

The condition of step S20 is based on the knowledge that, in 
the case of an instability of control for an odd n\imber of 

15 cylinders, all cylinder- individual Lambda control factors 

LAM_FAC_I [Zl to Z3] assume either a maximum value MAXV2 or 
the minimum value MINV2 and in addition one part assumes the 
minimum value MINV2 and the other part assumes the maximum 
value MAXV2, with the n\imber of those which assume the maximum 

20 value MAXV2 only differing by one from the number which assume 
the minimum value MINV2 . For an even number of cylinders in 
this case precisely one half of the cylinder individual Lambda 
control factors LAM__FAC_I [Zl to Z3] are equal to the maximum 
value MAXV2 and the other half are equal to the minimum value 

25 MINV2 . Investigations have shown that especially with an add 
number of cylinders there is an instability of the control 
even if the amplitude AMP of the oscillation of the sequence 
of the respective cylinder- individual Lambda control factors 
LAM_FAC_I [Zl to Z3] is greater than the predefined amplitude 

30 threshold AMP_THR, which preferably corresponds to around two 
thirds of the difference between the maximum value MAXV2 and 
of the minimum value MINV2 . 



PCT/EP2004/053065 / 2003P18160WOUS 

18 

If the condition of step S20 is fulfilled, the predefined 
crankshaft angle CRK_SAMP is adapted in a step S22 in accor- 
dance with step S6 . After step S22 the prpcessing of the pro- 
5 gram is continued at step SIB. 

A further embodiment of the program for adapting the detection 
of the measuring signal of the waste gas probe 41 is described 
below with reference to Figure 5, with only the differences 

10 from the embodiment in accordance with Figure 4 being ex- 
plained. The program is started in a step S30. Subsequently a 
step S32 is processed, which is like step S12 . By contrast 
with step S12, the time sequences of the first estimated value 
ESTl [Zl to Z3] in each case of the controller assigned to the 

15 relevant cylinder Zl to Z4 are investigated as to whether, for 
the predefined period, they assume the maximum value MAXVl or 
minimum value MINVl or whether their timing oscillates with an 
amplitude AMP which is greater than the amplitude threshold 
AMP_THR. 

20 

Alternatively in step S32, instead of the respective first es- 
timated value ESTl, the first estimated value ESTl filtered by 
means of the block B4 can be investigated. 

25 The steps S34 and S40 correspond to the steps S14 or S20 re- 
spectively with the proviso that here the conditions, instead 
of being in relation to the cylinder- individual Lambda control 
factors LAM_FAC_I [Zl to Z3] , are in relation to the respec- 
tive first estimated values ESTl [Zl to Z3] . Steps S3 6, S3 8 

30 and S42 correspond to steps S16, S18 and S22. 



